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NOTICE

The contents of this report reflect the views of the author, who is responsible for the facts
and accuracy of the data presented herein. The contents do not necessarily reflect the
views or policies of the Mississippi Department of Transportation or the Federal
Highway Administration. This report does not constitute a standard, specification, or
regulation.

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States Government
and the State of Mississippi assume no liability for its contents or use thereof.

The United States Government and the State of Mississippi do not endorse products or
manufacturers. Trade or manufacturer’s names appear herein solely because they are
considered essential to the object of this report.
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CHAPTER 1-INTRODUCTION

1.1  Background

Mississippi’s roadway system isvital to our state’s economy. Roads are used to
transport goods, supplies, workers, etc. around the state. Astime passes, more and/or
improved roads will be needed in order to attract industry. Hot mix asphalt (HMA)
constitutes the material used to construct and maintain the vast majority of roadways in
Mississippi. The HMA placed is expected to perform for extended periods of time under
avariety of traffic and environmental conditions. However, it isimportant to note that all
HMA mix types do not perform similarly.

Dense-graded HMA has been the mix type of choice in Mississippi for many,
many years. Thisincludes dense-graded mixes designed using the Marshall hammer and
the Superpave gyratory compactor. Historically, HMA used in Mississippi was designed
using the Marshall hammer. Using the Marshall method of designing mixes, the only
variations were the number of blows the mix was designed with and the maximum
aggregate size of the gradation. Gradation bands within a given maximum aggregate size
were relatively narrow. Therefore, for a given set of aggregates and a maximum
aggregate size, performance was generally similar, no matter the selected gradation.
Since the mid-1990’s, the Mississippi Department of Transportation (MDOT) has
specified the Superpave mix design system to design dense-graded HMA. With the
adoption of the Superpave mix design system, more choices became available for HMA
mix selection. The Superpave system has three design compactive efforts as well asfive
different maximum aggregate size gradations. Additionally, the gradation control points
specified in the Superpave mix design system allow a much wider range of gradations.
Therefore, using the Superpave mix design system could result in differencesin
performance for a given set of aggregates.

During the last ten years, there have been severa new or improved HMA types
that have been introduced. Most notable of these are stone matrix asphat (SMA) and
open-graded friction course (OGFC). These specialty types of HMA have aplace in the
selection of mixesin Mississippi. However, guidance is needed on the proper application
of these mixes for conditions unique to Mississippi. The purpose of this document isto
provide pavement designers with the needed information to make informed decisions on
the selection of appropriate mix typesin Mississippi.

1.2  Objective

The objective of this project was to develop guidance for HMA mix selectionin
Mississippi. Three primary HMA types were considered and included in the mix
selection process: dense-graded HMA, stone matrix asphalt, and open-graded friction
course.



1.3  Scope

The guidance for mix selection was developed solely from information and data
found in the Mississippi Standard Specifications for Road and Bridge Construction,
MDOT Specia Provisions, literature, and experience. No formalized laboratory research
was conducted. Because dense-graded HMA has been the most common pavement
material for many years, this report purposely highlights where SMA and OGFC are
different during mix design and construction.

1.4  Organization of Report

This report includes seven chapters. Chapter 1 provides an introduction and
background for the project. The second chapter provides definitions for terms used
within the report. A general overview of the HMA mixes discussed in thisreport is
provided in Chapter 3. The third chapter highlights the differences between the HMA
types along with providing general information for each. Chapter 4 provides discussion
on the design of each HMA type. Issues related to construction are discussed in Chapter
5. Chapter 6 is devoted to recommendations for mix selection. The final chapter
provides conclusions and recommendations.



CHAPTER 2 - DEFINITIONS

This chapter presents definitions for terms used within this report. Termsare
listed in alphabetical order.

Break Point Sieve: Thefinest sieve that retains at least 10 percent of the aggregate
blends. The break point sieveis used to differentiate between fine and coarse aggregates
for stone matrix asphalt and open-graded friction courses.

Dense-Graded Hot Mix Asphalt: A combination of asphalt binder and well-graded
aggregates that are mixed at elevated temperaturesin a production facility.

Design Compactive Effort: The laboratory compactive effort applied to hot mix asphalt
during mix design.

Design Gradation: Blend of aggregate stockpiles in which the optimum asphalt binder
content has been determined.

Draindown: Separation of asphalt binder and fines from coarser aggregates during
storage, transportation and/or laydown.

Mortar: Combination of asphalt binder, aggregates finer than No. 200 sieve, and
stabilizing additives.

Nomina Maximum Aggregate Size (NMAS): Onesieve size larger than thefirst sieveto
retain more than 10 percent of the aggregate fraction.

Open-Graded Friction Course (OGFC): A hot mix asphalt having an open aggregate
grading that is used as a surface course to improve frictional properties.

Primary Control Sieve: Sieve size and associated percent passing that differentiates a
given gradation as coarse-graded or fine-graded. The primary control sieves and
associated percent passing value to differentiate coarse- and fine-graded mixes are listed
below. Gradations passing above the primary control sieve are considered fine-graded,
while gradations passing below are coarse-graded.

Nominal Maximum Agaregate Size Primary Control Sieve % Passing
1% (37mm) No. 4 35
1 (25mm) No. 4 40
% (19mm) No. 8 35
Y% (12.5mm) No. 8 40
3/8 (9.5mm) No. 8 45



Stabilizing Additives. Materials added to the asphalt binder or mixture to reduce the
potential for draindown. Common stabilizing additives are polymers and fibers.

Stone Matrix Asphalt (SMA): A gap-graded hot mix asphalt that contains a coarse
aggregate skeleton and an asphalt binder rich mortar.

Stone-on-Stone Contact: Used in the design of stone matrix asphalt and open-graded
friction course. Refersto the existence of coarse aggregates being in contact with each
other within a compacted mix.

Superpave: A methodology for designing dense-graded hot mix asphalt.



CHAPTER 3- AVAILABLE HMA TYPESIN MISSISSI PPI

There are three primary HMA types that are available in Mississippi: dense-
graded HMA, SMA and OGFC. Other proprietary products are available but are not
discussed in this document. The following sections describe these three HMA types.

31 Dense-Graded HM A

A dense-graded HMA mix isawell-graded (relatively even distribution of
aggregate particles sized from coarse to fine) HMA that is comprised of aggregates and
asphalt binder (1). Figure 1 illustrates the gradation for atypical dense-graded mix.
Without gquestion, dense-graded HMA mixes have been the most common type of HMA
placed in Mississippi.

Typical Gradation for Dense-Graded Mixes
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Figure 1: Typical Gradation for Dense-Graded HMA Mixes

Within Mississippi, dense-graded mixes are currently designed in accordance with
Section 401 of the Mississippi Standard Specifications for Road and Bridge Construction
and Mississippi Test (MT-78). Dense-graded mixes can be considered the workhorse
HMA of Mississippi. The vast majority of pavements in Mississippi have been
constructed using dense-graded HMA. These mix types have provided structural
capacity as well as asafe driving surface.



Dense-graded mixes are generally labeled by their nominal maximum aggregate
size (NMAS) and design compactive effort (Nges). For instance, a12.5 MT refersto a
12.5mm NMAS gradation that is compacted using an Nges Of 65 gyrations. According to
MDOT specifications, there are 15 different combinations of NMAS and Nges that could
be used in Mississippi (Table 1).

Table1l: NMAS - Ndes Combinationsfor Dense-Graded HMA in Mississippi

Nominal Maximum Design Compactive Effort (Nges)
Aggregate Size, mm 50 gyrations (ST) 65 gyrations (MT) 85 gyrations (HT)
4.75 X X X
9.5 X X X
12.5 X X X
19.0 X X X
25.0 XXX!

1 25mm NMAS mixesfor HT and M T applications are designed using 50 gyrations.

Each of the combinations shown in Table 1 would be expected to perform
differently. Generally, smaller NMAS gradations will have higher optimum asphalt
binder contents than larger NMAS gradations. The higher asphalt content means that
these mixes are generally more durable. Additionally, within Mississippi where gravels
are the predominant aggregate source, HMA mixes having asmaller NMAS will
generally be more rut resistant because the smaller aggregates will tend to have more
fractured faces (Figure 2). In genera, for a given aggregate source and gradation,
optimum asphalt binder content depends upon the gyration level used to design the mix.
As the Nges goes up, the optimum asphalt binder content will go down. Therefore, HT
mixes would be expected to have less asphalt binder than ST mixes. Hence, HT mixes
will be more rut resistant, while ST mixes would be expected to be more durable.
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Figure2: Typical Angularitiesof Mississippi Crushed Gravels

Another variable that can influence the performance of dense-graded HMA is
gradation shape. The term coarse-graded has been adopted by the industry to describe
HMA gradations passing below the primary control sieve (PCS) while HMA mixes
having gradations passing above the PCS are called fine-graded. Both of these gradation
types have proven to be resistant to rutting; however, fine-graded HMA has less potential
for being permeable to water and air. When an HMA pavement is permeable to water
and air, the potential for moisture damage and/or oxidative aging is increased.
Permeability of in-place dense-graded HMA layersis affected by the amount of fine
aggregates, asillustrated in Figures 3 and 4. Figure 3 shows that for 12.5mm NMAS
mixes, fine-graded HMA tends to be less permeabl e than coarse-graded HMA at a given
in-place air void content. Figure 4 illustrates the influence of NMAS on permeability.
Thisfigure shows that larger NMAS mixes tend to be more permeable at a given in-place
air void content than smaller NMAS mixes. Note, however, that 9.5mm and 12.5mm
mixes have a similar relationship between density and permeability. Therefore,
permeability isrelated to the amount of fine aggregate within the gradation. Layers that
are less permeable will tend to be more durable.
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3.2  StoneMatrix Asphalt

Stone matrix asphalt (SMA) isan HMA consisting of two parts: acoarse
aggregate skeleton and an asphalt binder rich mortar. The philosophy of SMA mixtures
is, therefore, two fold. First, the mixture must have an aggregate skeleton with coarse
aggregate-on-coarse aggregate contact (generally called stone-on-stone contact).
Secondly, sufficient mortar (combination of asphalt binder, fines and stabilizing additives
of the desired consistency must be provided. Satisfactory mortar consistency, and thus a
durable SMA, requires that arelatively high asphalt binder content be used.

SMA has been used in Europe for almost 40 years (2). It was first used in Europe
to resist the abrasive nature of studded tiresin snow regions; however, a benefit observed
about SMA wasiits resistance to rutting. Because of the success of SMA in Europe, five
agencies within the US constructed SMA pavementsin 1991 (2). Since that time, the use
of SMA hasincreased significantly. Some DOT’s have a policy that SMA isused on all
interstate pavements.

There are three primary differences between SMA and conventiona dense-graded
mixes: gradation, asphalt binder content and the presence of stone-on-stone contact.
Gradations for SMA are more gap-graded than dense-graded HMA (Figure 5). SMA
mixes typically have alarge percentage of aggregate retained on each individual sieve
down to a certain sieve, after which the percentage of aggregate retained on each sieve is
small. The sieve that separates these sieves retaining large percentages from sieves
retaining small percentagesis called the break-point sieve (2). Aggregates coarser than
the break-point sieve are considered the coarse aggregates.

Dense-Graded and SMA Gradation
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Figure5: Comparison of Typical Superpave and SMA Gradations



Another gradation difference between SMAs and conventional dense-graded
mixesisthat arelatively large percentage of aggregate passing the No. 200 (0.075mm)
sieveisused. SMA mixestypically have between 8 and 10 percent of the aggregate
passing the No. 200 sieve, which sometimes necessitates the addition of amineral filler
or some other material passing the No. 200 sieve. Dense-graded mixes typically have 3
to 7 percent.

The asphalt binder content for SMA mixesis generally 6 percent or higher.
Minimum asphalt binder contents are specified by MDOT and are based upon the bulk
specific gravity of the aggregates used in the aggregate blend. Thisisto ensure the
proper volume of asphalt binder within the mixture. Because of the coarse nature of
SMA gradations, the voids in mineral aggregate (VMA) is generaly specified to be 17.0
percent or higher. In order to achieve the 4.0 percent air void content requirements at
design, the volume of asphalt binder content has to be relatively high.

Because of the relatively high asphalt binder contents, one potential problem
encountered with SMA that is not generally observed with dense-graded mixesis
draindown. Draindown isaterm that refers to an occurrence where the asphalt binder
drains from the coarse aggregate structure during storage, transportation and/or laydown.
In essence, draindown is aform of segregation; however, it is the asphalt binder and fines
separating from the coarser particles. Draindown can lead to flushed spots on the
finished pavement surface (2).

Two approaches are typically used to prevent draindown. First, as stated above, a
high filler content (aggregate passing No. 200 sieve) is used with SMA. Thefiller
particles stiffen the asphalt binder (by design) helping prevent the asphalt binder from
draining off the coarse aggregates. Secondly, SMA generally contains some type of
stabilizing additive. Stabilizing additives can be either an asphalt binder modifier, such
as polymer or other type modifier, or can bein the form of afiber. Both cellulose and
mineral fibers have been used with successin SMA. Similar to the effect of the high
fines content, the use of asphalt binder modifiers and/or fibers tend to stiffen the asphalt
binder helping prevent draindown. MDOT requires the use of fibers and modified
binders.

The final major difference between SMA and dense-graded HMA isthe
accounting for stone-on-stone contact. Because of the gap-graded nature of SMA
gradations, SMAs are specifically designed to have coarse aggregate-on-coarse aggregate
contact. This characteristic iswhat resultsin the rut resistance of SMA mixes. The
method for determining when a SMA mix has achieved stone-on-stone contact isto
measure a property called the voids within the coarse aggregate (VCA). TheVCA isa
volumetric property that isvery similar to VMA.. Figure 6 illustrates the concept of
VCA. Thisfigure shows that the VCA of the compacted mix (VCAnix) includes the
volumes of air, effective asphalt binder and aggregates finer than the break point sieve.

10



Figure A: VCA,, is obtained from the Dry Figure A
Rodded Unit Weight of just the
coarse aggregate. ) : 30-40%

Figure B: VCA,,is calculated to include VCAG A of Volume
everything in the mix except the
coarse aggregate.

Figure C: VMA includes everything in the

mix except the aggregate (both Coarse | D Rodded
coarse and fine). For the VCA,,« Aggregate ’
and VMA calculations, asphalt
absorbed into the aggregate is
considered part of the aggregate.
Figure B Figure C
Air
T Asphalt Effective f Air
VCAWx p Asphalt VMA Effective
Fine Content Asphalt Asphalt
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Aggregate | Fine plus
Coarse Blend Coarse
Aggregate Aggregate

Figure 6: Concept of Voidsin Coar se Aggregate

To evaluate the existence of stone-on-stone contact, the VCA is measured for two
conditions. First, the VCA isdetermined for the coarse aggregate fraction. After the
SMA is mixed and compacted, the VCA of the compacted mix is calculated. If the VCA
of the compacted mix is lower than the VCA of the coarse aggregate fraction, then the
SMA is said to have stone-on-stone contact.

The existence of stone-on-stone contact isvital for SMA mixes. Because of the
relatively high asphalt binder content of SMA, if stone-on-stone contact does not exist,
the coarse aggregate will essentially be floating within the mortar leading to arut prone
mixture.

SMAs should be considered a premium HMA because they are more expensive
than conventional dense-graded HMA. The increased costs result from the use of
modified binders and fibers. Additionally, high quality, crushed aggregates are needed
for SMA. Therefore, because of the increased costs, SMA will not have applicability in
all situations.

11



3.3  Open-Graded Friction Courses

In the United States, the term open-graded friction course (OGFC) is used to
describe aHMA having an open aggregate grading that is used as a wearing surface to
improve frictional properties of the roadway. These mix types were first developed in
Oregon in the 1930’s and evolved through experimentation with plant mix seal coats.
OGFCs were identified as an alternative to improve skid resistance by the Federal
Highway Administration (FHWA) in the 1970’s after initiating a program to improve the
frictional characteristics of our nation’s highways. In 1980, the FHWA published a
formalized mix design method for OGFCs.

During the 1980’s, many state agencies placed OGFCs as wearing layers.
However, a number of agencies noted that the OGFC |layers were susceptible to sudden
and catastrophic failures. These failures were caused by material specification, mix
design and construction problems. These problems were primarily related to mix
temperature during construction. Gradations associated with OGFCs are much coarser
than typical dense-graded HMA (Figure 7). Because of the open nature of OGFCs, there
were problems with draindown during transportation. To combat the draindown
problems, most owners would allow for lower production temperatures. Allowing the
reduced production temperatures increased the stiffness of the asphalt binder, thus
reducing the potentia for draindown, but also led to other issues that increased the
potential for raveling and delamination (the primary distresses leading to failurein
OGFCs). First, when the production temperatures were reduced, sufficient heat was not
developed to adequately dry the aggregates during production. This led to moisture
remaining in the aggregates and the increased potential for stripping. Additionally,
reducing the mix production temperature resulted in the OGFC arriving at the project site
cooler than the desired compaction temperature. When this occurred, the OGFC did not
always bond with the underlying layer (through the tack coat) and resulted in an
increased potential for raveling and delamination. During the 1980’s the catastrophic
raveling and delamination problems were of such magnitude that a number of agencies
placed a moratorium on the use of OGFC, including Mississippi.

12



Dense-Graded and OGFC Gradation
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Figure 7. Comparison of Typical Superpave and OGFC Gradations

A survey of state agencies conducted by the National Center for Asphalt
Technology in 1998 indicated that nineteen states were still using OGFCs (3). The vast
majority of these states that reported good performance indicated the use of coarser
gradations than the FHWA mix design method developed in the 1980’s and were also
using stiffer, polymer-modified asphalt binders. Therefore, state agencies continued to
evolve OGFCs. Respondentsto the survey that indicated good performance stated that
service lives of 8 years or more were expected.

Thereisasingle reason that state agencies continued to evolve OGFC mixes past
the problematic 1980’s and that was safety. OGFCslikely provide the safest HMA
wearing surface available. OGFCs have been shown to have excellent friction (most
dramatically in wet weather), reduce splash and spray, reduce the potential for
hydroplaning and improve nighttime visibility (by reducing glare). Additional benefits of
using OGFCs include reduced tire/pavement noise, smoother pavements (thereby
increased fuel economy) and use of relatively thin layers.

The property of OGFC that |leads to the safety benefits mentioned above is the
relatively high permeability of OGFC compared to dense-graded HMAs. Because of the
very coarse gradation and lack of fines, OGFCs have very high air void contentsin the
range of 15 to 22 percent. These high air void contents result in interconnected voids that
allow water to infiltrate into the OGFC layer during arain event. Without water on the
pavement surface, the wet weather frictional properties of the pavement improve,
splash/spray is reduced and the potential for hydroplaning is greatly reduced.

13



There are three primary types of OGFC that are being used in the US. All three
types utilize an open aggregate gradation. The primary difference in the three typesisthe
design air void content and asphalt binder type/content. OGFCs that are designed to have
at least 18 percent air voids are termed Permeable Friction Courses (PFC). PFCsarea
special type OGFC that are specifically designed to have high air void contents, typically
18 to 22 percent, for removing large volumes of water from the pavement surface.
Another type of OGFC used in the US is the Asphalt Rubber Friction Course (ARFC).
The purpose of ARFC mixesisto specifically reduce tire/pavement noise. This mix type
iscommonly used in Arizona and southern California. ARFC mixes do utilize open
gradations; however, asphalt binder modified by rubber isused. Typically, asphalt
rubber binder contents for ARFCs are near 8 percent and air void contents are around 12
to 15 percent. The final OGFC type used in the US can be termed an Asphalt Concrete
Friction Course (ACFC). These OGFC types are not generaly as coarse as PFCs and,
therefore, are not designed at as high of an air void content. Air voids within ACFCs are
generaly above 15 percent. OGFCs should be considered a premium type of HMA.
Because of the use of modified binders and fibers, costs are increased. OGFCs are only
used as wearing layers on the top of the pavement structure in high speed locations.
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CHAPTER 4-MI X DESIGN CONSIDERATIONS

The design of all three general HMA mix types discussed in the previous section
issimilar in that they involve four primary steps. Thefirst step in designing all three mix
typesisto select appropriate materials. Secondly, the selected aggregates need to be
blended and evaluated to determine the design gradation. The next step isto determine
the optimum asphalt binder content. Finally, the designed mix performance is evaluated.

Another commonality in the design of the three mix typesisthat the Superpave
gyratory compactor is used as the laboratory compactive effort. However, the Ngesfor the
different mixes are different. For dense-graded mixes, there are three different design
compactive efforts, while for SMA and OGFC thereis asingle design compactive effort.

The following sections describe the design of each HMA type. The discussion
focuses on the differences in design methodologies.

4.1  Design of Dense-Graded HMA

Being the workhorse HM A type in Mississippi, many dense-graded mixes have
been designed. Inthe 1990’s, the MDOT adopted the Superpave mix design system for
designing dense-graded HMA. Since that time there have been slight modificationsin
specification values; though, the overall methodology has stayed the same. As stated
above, there are four primary stepsin designing dense-graded HMA. Thefirst stepis
selection of appropriate materials. Materials needing selection for dense-graded HMA
include coarse aggregates, fine aggregates, anti-stripping agents and asphalt binder. For
each of these materials, MDOT provides specification values depending upon NMAS,
Naes O Other criteria.

The next step in the design of dense-graded HMA is to blend the selected
aggregates into a gradation that meets the project specification, called atrial blend. As
stated previously, MDOT specifiesfive different NMAS gradation ranges which include:
4.75 mm, 9.5 mm, 12.5 mm, 19.0 mm, and 25.0 mm. Thetria blend is mixed with atria
asphalt binder content and compacted to the appropriate Nges. After compaction, the
volumetric properties of the compacted mix should be evaluated and compared to the
specifications. If the volumetric properties will not meet requirements, additional trial
blends should be developed and evaluated. A blend of aggregates which will meet al
volumetric criteriais selected as the design gradation.

Thethird step in designing dense-graded HMA is to determine the optimum
asphalt binder content for the selected aggregate blend. This process entails adding
asphalt binder to the selected aggregate blend and compacting with the Superpave
gyratory compactor to the design gyration level. Typically, 0.5 percent incrementsin
asphalt binder content are utilized. The aggregate blend is combined with binder at
several different asphalt binder contents and the volumetric properties evaluated.
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Optimum asphalt binder content is selected as the asphalt binder content that resultsin 4
percent air voids and meets all other volumetric properties.

The final step is designing dense-graded mixesisto conduct moisture
susceptibility testing. In Mississippi, the tensile strength ratio (MT-63) and Boiling
Water Test (MT-59) are specified. While hydrated limeisrequired in all HMA mixes,
liquid anti-strips are sometimes needed when moisture susceptibility testing results do not
meet requirements.

For HT surface mixes, there is also a required maximum rut depth in The Asphalt
Pavement Anayzer. The maximum rut depth is 20mm.

4.2  Design of Stone Matrix Asphalt

Similar to the design of dense-graded HMA, the design of SMA mixes includes
four steps. Thefirst step is select appropriate materials. Materials requiring selection
include coarse aggregates, fine aggregates, asphalt binder, minera filler, anti-stripping
agents, and stabilizing additives. Because SMA derives its stability from stone-on-stone
contact, the quality of the aggregates is generally required to be slightly better than for
dense-graded mixes. In Mississippi, the percent mechanically fractured faces must be 95
percent two or more for all SMA mixes. Additionally, a maximum of 20 percent flat and
elongated at 3:1 is specified.

Asphalt binders used in SMA shall be a PG 76-22 for all SMA mixturesin
Mississippi. Polymers used to modify the asphalt binder must meet the requirements of
Section 702.08.3 of the Standard Specifications.

Minerd fillers are generally required within SMA in order to provide sufficient
finesin the gradation. Hydrated l[imeisaso required in SMA as an anti-stripping agent.

The next step in the design of SMA mixesisto select the design aggregate
structure (gradation). Specified gradations for SMA are based upon aggregate volume
and not mass. Table 2 presents MDOT’s specified gradations for SMA. An example of
how to proportion aggregate stockpiles volumetrically to meet SMA gradation
requirementsis provided in MT-80.
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Table2: Mississippi's SMA Gradations (Per cent Passing by Volume)

Sieve Size Nominal Maximum Aggregate Size
19.0mm 12.5mm 9.5mm
Lower Upper Lower Upper Lower Upper
Control Control Control Control Control Control
lin. 100 100
Yain. 90 100 100 100
Yain. 50 74 90 100 100 100
3/8in. 25 60 26 78 90 100
No. 4 20 28 20 28 26 60
No. 8 16 24 16 24 20 28
No. 16 13 21 13 21 13 21
No. 30 12 18 12 18 12 18
No. 50 12 15 12 15 12 15
No. 200 8.0 10.0 8.0 10.0 8.0 10.0

In order to select the design gradation, it is good practice for the mix designer to
develop threetria blends that fall within the gradation specification range. The three
trial gradations should fall along the coarse and fine limits of the gradation band with the
third falling in the middle. The percent passing the No. 200 sieve should be about 10
percent for all threetrial blends.

For best performance, the SMA mixture must have stone-on-stone contact;
therefore, also included within this second step is the determination of the VCA of the
coarse fraction of the trial blends. The coarse fraction of thetria blend is defined as the
portion of aggregate coarser than the break point sieve. The break point sieveis defined
asthe finest sieveto retain 10 percent or more of the aggregate blend. The definition of
the break point sieveisillustrated in Figure 8.
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Figure 8: lllustration of Definition for Break Point Sieve

The VCA of the coarse aggregate fraction (VCA) is determined using AASHTO
T19. When the dry-rodded density of the coarse aggregate fraction has been determined,
the VCA; for the fraction can be calcul ated.

The final activity of the second step is to select the design gradation. This
involves adding atrial asphalt binder content to the trial gradation blends, compacting
trial mixesin the Superpave gyratory compactor and eval uating the volumetric properties
of thetrial mixes. Because the specifications for SMA design call for aminimum
optimum asphalt binder content, a starting trial asphalt binder content should be slightly
higher than the minimum requirement. Samples of SMA are compacted in the Superpave
gyratory compactor to 75 gyrations.

After compacting each of thetrial blends, the volumetric properties of the mixes
are determined. Three volumetric properties are of interest: voidsin total mix (VTM),
voidsin mineral aggregate (VMA), and the VCA ratio. For the VCA ratio, the VCA of
the compacted mix is calculated (V CAnix) and compared to the VCAg,. If the VCAix IS
less than VCA, then stone-on-stone contact is assumed to have occurred. Once the
VTM, VMA and VCA ratio are determined, each is compared to the specification values.
A tria blend that meets or exceeds the VMA requirement and has stone-on-stone contact
should be selected as the design gradation.

Once the design gradation has been chosen, the third step in the design of SMA

mixes isto determine the optimum asphalt binder content. This step entails compacting
SMA mixes at varying asphalt binder contents, generally 0.5 percent apart, in order to
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develop the rel ationships between the asphalt binder content and different volumetric
properties. Optimum asphalt binder content is defined as the binder content that produces
4 percent air voids in the compacted mix and meets all other volumetric properties.

Once the optimum asphalt binder content is selected, performance testing is
conducted. The MDOT specification requires the testing of mortars using the Superpave
asphalt binder testing equipment. The mortar is comprised of the asphalt binder,
aggregate fraction finer than the No. 200 sieve, and stabilizing fiber. For thistesting, the
constituents of the mortar are mixed and tested with the dynamic shear rheometer (DSR)
and bending beam rheometer (BBR). Mortars are tested with the asphalt binder in three
aged conditions. The asphalt binder is added to the other constituentsin an unaged
condition, rolling thin-film oven aged condition and pressure aging vessel aged material.

Another performance related test conducted on the designed SMA is draindown
sengitivity. According to MT-82, draindown testing must be completed at three
temperatures. at anticipated plant production temperature and plus-or-minus 27°F from
the anticipated plant production temperature. The draindown value at each temperature
must be below 0.3 percent, based upon total mix mass.

The final performance related testing is to evaluate the resistance to stripping.
Both TSR’s and the boil test are required for evaluating the resistance to stripping.

4.2.1 Troubleshooting SVIA Mix Designs

If the mix designer is unable to produce a mixture that meets all requirements,
remedial action will be necessary. Some suggestions to improve mix properties are
provided below.

The amount of air voidsin the mix can be controlled by the asphalt binder
content. However, a problem occurs when low voids exist at the minimum asphalt binder
content. Lowering the asphalt binder content below the minimum to achieve the proper
air voids violates the minimum asphalt binder content requirement. Instead, the
aggregate gradation must be modified to increase the VMA so that additional asphalt
binder can be added without decreasing the voids below an acceptable level.

The VMA may be raised by decreasing the percentage of aggregate passing the
break point sieve or by decreasing the percentage of material passing the No. 200 sieve.
Changing aggregate sources or stockpiles may also be required to increase VMA.

If the VCAnix is higher than the VCA - then the gradation must be modified. This
is generaly accomplished by decreasing the percent passing the break point sieve.

If the mix fails to meet moisture susceptibility requirements, the type and/or
dosage of anti-stripping additive may need to be changed. If this provesineffective, the
aggregate source and/or asphalt binder source can be changed to obtain better
aggregate/binder compatibility.
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Problems with draindown sensitivity can be remedied by increasing the amount of
stabilizing additive or by selecting a different stabilizing additive. Cellulose fiber
contents for 0.3 percent and minera fiber contents of 0.4 percent, by total mix mass, have
worked well to minimize draindown potential.

4.3  Design of Open-Graded Friction Course

The design of OGFC mixes has many similarities to this design of SMA,
primarily because both mix types are designed to have stone-on-stone contact. Because
of the desired stone-on-stone contact, the selected aggregates for OGFCs must be of high
quality. Similar to SMA, the aggregate quality requirements are slightly higher than for
dense-graded mixes. The percent of coarse aggregates with two or more fractured faces
requirementsis 90 percent. Flat and elongated particles are measured at a 3 to 1 ratio,
with amaximum of 20 percent. A PG 76-22, polymer modified asphalt binder is required
for OGFCs aong with stabilizing additives (fibers).

The second step in the design of OGFC mixes is to select the design gradation.
For OGFCs, MDOT specified gradations are based upon mass and not volume. MDOT’s
two specified gradations are provided in Table 3. In order to select the design gradation,
threetrial blends should be developed. Onetria gradation should fall along the coarse
limits for OGFC while one should fall along the fine limits and one falling in the middle.

Table 3. Mississippi's OGFC Gradations

Sieve Size 125 mm 9.5mm
¥ in. (12.5 mm) 100 100
3/8in. (9.5 mm) 80-89 90-100
No. 4 (4.75 mm) 15-30 15-30
No. 8 (2.36 mm) 10-20 10-20
No. 200 (75 um) 2-5 2-5

Similar to SMA, the VCA should be determined for the coarse fraction of the
aggregate blend. The coarse fraction is defined as the portion of the aggregate retained
on the breakpoint sieve. VCAy, is determined using AASHTO T19 similar to for SMA
mixes.

To select the design gradation, asphalt binder is added to each trial blend at atrial
asphalt binder content. Similar to SMA, OGFCs have a minimum asphalt binder content
specified; therefore, the trial asphalt binder content should be dlightly higher than the
minimum.

Each trial blend should be compacted to 50 gyrations in the Superpave gyratory
compactor. After compaction, the volumetric properties of the compacted OGFC trial
blends should be evaluated. One difference required for OGFCs is that the bulk specific
gravity of the compacted OGFC is measured using the vacuum sealing method outlined
in ASTM D6752. Volumetric properties of interest are VTM and VCAix. Thevoidsin
total mix must be greater than 15 percent and the V CAix must be less than VCA:.
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The third step in designing OGFC is to determine the optimum asphalt binder
content. The process for selecting optimum asphalt binder content for OGFC mixesis
different than the methods presented previously for dense-graded and SMA mixes.
Instead of targeting an asphalt binder content that results in a specific air void content,
optimum binder content is selected as a asphalt binder content that meets all specified
properties. An asphalt binder content that meets all of the following criteriais selected as
optimum asphalt binder content:

1. Airvoids must be 15 percent or greater.

2. Laboratory permeability determined in accordance with MT-84 must be 30
meters per day or greater.

3. Asphalt draindown shall not exceed 0.3 percent when tested in accordance
with MT-82.

4. The aged abrasion loss shall not exceed 40 percent and unaged abrasion loss
shall not exceed 30 percent as determined by MT-85.

Of the above tests, the one that most designers would be least familiar isthe
abrasion loss test. Inthe literature, thistest is referred to as the Cantabro Abrasion Loss
test. The Cantabro Abrasion Losstest isused as adurability indicator. For thistest, three
OGFC specimens are prepared at each asphalt binder content. A single specimen is
placed into aLos Angeles Abrasion drum without the charge of steel spheres. The drum
isthen rotated for 300 revolutions at 30 revolutions per minute. At the conclusion of the
300 revolutions, the mass loss from the specimen is calculated based upon the original
specimen mass. Figure 9 illustrates a test specimen after the Cantabro Abrasion Loss test.

-

Figure 9: Illustration of Specimen after Cantabro Abrasion Loss Test
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The final step in the design of OGFCs is to evaluate moisture susceptibility in
accordance with MT-59 and MT-63. When conducting MT-63, samples should be
compacted at the selected optimum asphalt binder content to the design compactive effort
(or design air voids) instead of targeting 7 percent air voids. Also, vacuum saturation is
not required.

4.3.1 Troubleshooting OGFC Mix Designs

If the mix designer is unable to successfully design an OGFC mixture that meets
all requirements, remedial action will be required. Some troubleshooting suggestions to
improve mix properties are provided below.

The amount of air voids can be controlled by the asphalt binder content.
However, the designer must still meet the minimum asphalt binder content requirements
aswell asthe other three criterialisted above: laboratory permeability, draindown and
abrasion loss. If sufficient air voids are not produced, the designer will generally have to
modify the gradation of the aggregate blend. To increase air voids, the designer should
decrease the percent passing the breakpoint sieve. Permeability and air voids are related;
therefore, permeability can be increased by reducing the asphalt binder content or
decreasing the percent passing the break point sieve.

If the VCAnix is higher than the VCAg,, then the aggregate gradation must be
modified. Thisisaccomplished by decreasing the percent passing the breakpoint sieve.

The abrasion loss is affected by two characteristics: the stiffness of the asphalt
binder and the asphalt binder content. If the abrasion lossis greater than the maximum
requirement, either more asphalt binder or a stiffer asphalt binder is needed.

If the mixture fails to meet moisture susceptibility requirements, the type and/or
dosage rate of anti-stripping additive may need to be changed. If this provesineffective,
the aggregate source and/or asphalt binder source can be changed to obtain better
aggregate/binder compatibility.

Problems with draindown sensitivity can be remedied by increasing the amount of
stabilizing additive or by selecting a different stabilizing additive. Cellulose fiber
contents of 0.3 percent and mineral filler contents of 0.4 percent, by total mix mass, have
worked well to minimize draindown potential.
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CHAPTER 5- CONSTRUCTION ISSUES

During construction of any HMA mixture, there are four primary phases:
production, transportation, placement and compaction. The construction of dense-
graded, SMA, and OGFC mixes have many similarities. When different than dense-
graded mixes, construction of SMA and OGFC are very similar. The following sections
discuss construction of HMA mixes and highlight differences that are specific to SMA
and/or OGFC.

51 Plant Production

Any HMA production facility that is capable of producing high quality HMA can
produce high quality SMA and OGFC. This section provides for procedures involving
aggregate handling, stabilizing additives, liquid asphalt, mixing times, and plant
calibration along with other issues that require specia attention when compared to
conventional HMA production.

5.1.1 Aggregates

Aswith the construction of any HMA pavement layer, quality begins with proper
aggregate stockpile management. Stockpiles should be built on sloped, clean, stable
surfaces with the different stockpiles kept separated. Every effort should be made to
maintain arelatively low moisture content within the aggregate stockpiles. Low moisture
contents and low moisture content variability will allow for easier control of mixing
temperature (4).

SMA and OGFC mixtures must contain a high percentage of coarse aggregatein
order to provide the desired stone-on-stone contact. Whileit istypical to blend two or
three different aggregate stockpilesin the mixture (coarse aggregate, immediate
aggregate, and fine aggregate), the coarse aggregate (defined as the material retained on
the break point sieve) is usually a high percentage of the gradation blend. Since the
coarse aggregate gradation can have a tremendous effect on the quality of the mixture
produced, it is necessary that the aggregates be carefully handled and stockpiled. For
best control of the coarse aggregate fraction, course aggregate stockpiles should be
fractionated into single sizes down to the 3/8 in. size. Consideration should be given to
feeding the coarse aggregate stockpile through more than one cold feed bin to provide
better control over the production process. Using more than one cold feed bin for the
coarse aggregate sizes will minimize variability in the coarse aggregate gradation (2).

5.1.2 Liquid Asphalt
The handling and storage of liquid asphalt binder for SMA and OGFC production
issimilar to that for any HMA mixture. If not already equipped, the plant facility should

have adifferent, or second, storage tank designated strictly for modified binders. When
modified asphalt binders are used, the storage temperature may increase slightly from
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those of neat asphalt binders. Mechanical agitators may be required within storage tanks
when modified binders are used (4). Contractors should follow the manufacturers’
recommendations for circulation and storage of modified asphalt binders. Metering and
introduction of asphalt binder into the mixture may be done by any of the standard
methods using a temperature compensating system. It isvery important however that the
asphalt binder be metered accurately (5).

5.1.3 Sabilizing Additives

With the high asphalt binder contents and large fraction of coarse aggregate
inherent to SMA and OGFC mixtures, a stabilizing additive of some typeis specified to
hold the asphalt binder within the coarse aggregate structure during storage,
transportation and placement. Draindown will generally occur at typical production
temperatures if astabilizing additive is not used.

Both cellulose and mineral fibers have been used in SMA and OGFC mixture
production. Dosage rates vary, but typically the rates are 0.3 percent for cellulose and 0.4
percent for mineral fiber, by total mixture mass (5). Fibers can generally be purchased in
two forms, loose and pelletized (5). Fibersin adry, loose state come packaged in plastic
bags or in bulk. Fibers can also be pelletized with the addition of some amount of a
binding agent. Asphalt binder and waxy substances have both been used as binding
agents within pelletized fibers. Both fiber types (loose or pelletized) have been added into
batch and drum-mix plants with success.

For batch plant production, loose fibers are sometimes delivered to the plant site
in bags. The bags are usually made from a material which melts easily at typical mixing
temperatures. Therefore, the bags can be added directly to the pugmill during each dry
mix cycle. When the bags melt only the fiber remains. Addition of the bags of fibers can
be done by workers on the pugmill platform. At the appropriate timein every dry mix
cycle, the workers add the correct number of bags to the pugmill. The bags of fiber can
be elevated to the pugmill platform by the use of a conveyor belt. While this method of
manual introduction works satisfactorily, it is labor intensive.

Another method for addition of fibersinto abatch plant is by blowing them into
the plant using a machine typically designed and supplied by the fiber manufacturer
(Figure 10). Thedry, loose fiber is placed in the hopper of the machine whereit is
fluffed by large paddies. The fluffed fiber next enters an auger system which conditions
the material to aknown density. The fiber is then metered by the machine and blown into
the pugmill or weigh hopper at the appropriate time. These machines can meter in the
proper amount of fiber by mass or blow in aknown volume (5).
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Flgure 11: Typlcal Location for I ntroduction of Fibersinto Drum-Mix Plant

Whenever |oose fibers are blown into the production process, whether a drum mix
or batch plant is used, the fiber blowing equipment should be tied into the plant control
system (2). Thefiber delivery system should be calibrated and continually monitored
during production. A common practice is to include a clear section on the hose between
the fiber blowing equipment and the introduction point within the production process
(Figure 12). This clear section can provide a quick, qualitative evaluation of whether the
fiber is being properly blown into the drum. Variations in the amount of fibers within
SMA and OGFC mixes can have a detrimental impact on the finished pavement.
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Flgure 12: Clear Section of Fiber Introductlon Llne

The pelletized form of fibers can be used in both drum-mix and batch plants. The
pellets are shipped to the plant in bulk form and when needed are placed into a hopper
(Figure 13). From the hopper they can be metered and conveyed to the drum or pugmill
viaacalibrated conveyor belt. Addition of the pellets generally occurs at the RAP collar
of adrum mix plant or they are added directly into the pugmill of abatch plant. Whether
in the drum or the pugmill, the pellets are mixed with the heated aggregate and the heat
from the aggregates cause the binding agent in the pellets to become fluid. This allows
the fiber to mix with the aggregate (5). Some forms of pelletized fibers do contain a
given amount of asphalt binder. In most instances, this amount of asphalt binder is very
small and is not included within the total asphalt binder content (6). Check with the fiber
manufacturer to determine the asphalt contents of the pellets.
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It is again imperative that the fiber addition, whether it isloose or pelletized, be
calibrated to ensure that the mixture continually receives the correct amount of fiber. If
the fiber content is not accurately controlled at the proper level, fat spots can result on the
surface of the finished pavement. Also, portions of the mixture will be dry and
unworkable. For assistance with the fiber storage, handling, and introduction into the
mixture, the fiber manufacturer should be consulted.

5.2 Mixture Production

Production of SMA and OGFC is similar to the production of standard dense-
graded HMA from the standpoint that care should be taken to ensure a quality mixtureis
produced. Production is discussed in this section with specia emphasis on production
areas where SMA and OGFC quality may be significantly affected.

5.2.1 Plant Calibration

It isimportant that all the feed systems of the plant be carefully calibrated prior to
production of SMA and OGFC. Operation of the aggregate cold feed bins can have a
significant influence on the finished mixture, even in abatch plant where hot bins exist
(2, 6). Cadlibration of the aggregate cold feed bins should therefore be performed with
care.
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The stabilizing additive delivery system should be calibrated and continually
monitored during production. Variationsin the amount of stabilizing additive can have a
detrimental impact on the finished pavement. Stabilizing additive manufacturers will
usually assist the hot mix producer in setting up, calibrating, and monitoring the
stabilizing additive system.

5.2.2 Plant Production

Similar to the production of typical HMA mixtures, mixing temperatures during
the production of SMA and OGFC mixes should be based upon the properties of the
asphalt binder (2). Mixing temperatures should not be arbitrarily raised or lowered.
Elevated mixing temperatures increase the potential for damage to the asphalt binder due
to rapid oxidation, which can lead to premature distresses (2). Additionally, artificially
increasing the mixing temperature can increase the potential for draindown problems
during storage, transportation and placement (2, 6). MDOT has a maximum temperature
requirement of 340°F during production. Arbitrarily lowering the mixing temperature
can result in not removing the needed moisture from the aggregates within the drying
process. Moisture remaining within the aggregates can increase potential of moisture
induced damage. Arbitrarily lowering the mixing temperature will also likely result in
mixture delivered to the construction project that is cooler than the desired compaction
temperature. If thisoccurs, the mix may not bond with the underlying layer (through the
tack coat) and result in increased potential for raveling and delamination. Experience
seems to indicate that normal HMA production temperatures or slightly higher are
adequate. In addition to the properties of the asphalt binder, the mixing temperature
should be chosen to ensure a uniform mixture that allows enough time for transporting,
placing, and compaction of the mixture.

When using a batch plant to produce SMA or OGFC, the screening capacity of
the screen deck will need to be considered. Since gradations of these mixes are generally
asingle-sized aggregate, override of the screen deck and hot bins may occur (5). If this
occurs, the rate of production should be decreased.

5.2.3 Mixing Time

When adding fibersto SMA or OGFC mixtures, experience has shown that the
mixing time should be increased dlightly over that of conventional HMA (5). This
additional time allows for the fibers to be sufficiently distributed within the mixture. Ina
batch plant, this requires that both the dry and wet cycles be increased from 5 to 15
seconds each. In aparalée flow drum plant, the asphalt binder injection line may be
relocated, usually extended when pelletized fibers are used (2). Thisallows for more
complete mixing of the pellets before the asphalt binder is added. In both cases, the
proper mixing times can be estimated by visual inspection of the mixture. If clumps of
fibers or pellets till exist intact in the mixture at the discharge chute, or if aggregate
particles are not sufficiently coated, mixing times should be increased or other changes
made. For other plants such as double-barrel drum mixers and plants with coater boxes,
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the effective mixing time can be adjusted in a number of ways including a reduction of
the production rate, slope reduction of the drum, etc.

5.24 Mixture Sorage

SMA and OGFC mixtures should not be stored at elevated temperatures for
extended periods of time as this could facilitate draindown (5). In general, experience
has shown that these mixes can be stored for 2 hours or less hours without detriment (2,
6). Inno instance should the mixture be stored in the silo overnight.

5.3  Transportation

The mixture is transported to the project site using the same equipment used for
dense-graded HMA (4). Generaly, no additional precautions are required; however,
there are some best practices that should be followed.

One of the keysto successful SMA and OGFC projects is having adequate
transportation to supply mix to the paver so that the paver does not have to stop and wait
on materials (2). Since the contractor often does not own the trucks, communication with
the trucking operator is essential to avoid delays.

Because of the bonding tendency of the modified asphalt binder generally used in
SMA and OGFC, the truck beds should be cleaned frequently and a thorough coat of an
asphalt release agent applied. Also, truck beds should be raised after spraying to drain
any puddles of the release agent. Excess release agent, if not removed, will cool the mix
and cause cold lumps in the mix. MDOT has an approved list of release agents. Use of
fuel ails, including diesel, in any form are strictly prohibited.

Haul trucks should be covered tightly with atarp to prevent excessive crusting of
the mix during transportation (4). Cold lumps do not break down readily and cause pulls
inthe mat. Sincelong haul distances will compound this problem, the haul distance
should be kept under approximately 50 miles. To combat this problem, some agencies
require insulated truck beds (4).

As an adternative to insulated truck beds, a“Heated Dump Body” may be used. A
“Heated Dump Body” refers to atransport vehicle that is capable of diverting engine
exhaust (Figure 14) and transmitting the heat evenly throughout the dump body to help
keep the mix from excessively cooling.
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Figure 14: Exhaust System for Heated Dump Body

54 Placement

Placement of SMA and OGFC isvery similar to placement of dense-graded
HMA. Typica asphalt pavers are utilized.

5.4.1 Weather Limitations

In order to achieve proper placement and compaction, SMA and OGFC should
not be placed in cold or inclement weather. Ambient air and pavement temperatures
must be at least 55°F (10°C). However, the ability to place these mixes will also depend
on wind conditions, humidity, the lift thickness being placed, and the temperature of the
existing pavement. Local experience with paving mixtures that include very stiff asphalt
binders (polymer-modified) should be considered when considering weather limitations.

5.4.2 Pavement Surface Preparation

Prior to placing SMA and OGFC, preparation of the surface to be covered will
depend on the type of surface onto which the mix will be placed. The preparation
method used is generally the same as for conventional HMA mixtures. OGFC should
enable rain water to penetrate the layer and be laterally drained off to the side of the road
by flowing on an impermeable interface between the OGFC and underlying layer.
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Therefore, the OGFC should only be placed on an impermeable HMA layer (6).
Placement on an impermeable layer will help ensure that during rainfall, the water will
pass laterally through the OGFC and not be trapped in the underlying pavement layer,
thus helping to eliminate the potential for moisture damage (stripping) in the underlying
layer. OGFC should not be placed on rutted asphalt pavement. The rutted surface should
first be milled or reshaped to that depth which allows the water to flow to the side of the
road before placement of the OGFC mixture. The OGFC mat should be day-lighted on
the shoulder so that rainwater percolating through the OGFC can drain out fredly at its
edge (7). A strip at least 4 inches wide should be | eft between the OGFC and any grass
area. If the OGFC isnot laid over the entire width of an existing pavement, including the
paved shoulder, then it should extend at least 12 to 20 inches onto the paved shoulder.

5.4.3 Paver Operation

Both SMA and OGFC mixtures are placed using conventional asphalt pavers.
However, a hot screed is very important to prevent pulling of the mat. A propane torch
or some other means to heat the paver screed before each startup isimportant.

The SMA and OGFC mixture is normally delivered to the paver in the traditional
manner of backing in trucks. A Material Transfer Vehicle (MTV) with remixing
capabilities can also be used. The use of aremixing MTV for transferring the mix from
the trucks to the paver isrequired in Mississippi. It remixes most cold lumps produced
during transportation, and aso allows continuous operation of the paver for smoother
surfaces.

5.4.4 Placement and Finishing

Immediately behind the paver, SMA and OGFC mixtures are known to be harsh
and very sticky. For this reason a minimum of raking and hand working should be
performed (7). When needed, hand placement of the material can be accomplished with
care.

Longitudinal joints are constructed by placing the mix approximately 10 to 15
percent of thelift thickness above the previously placed and compacted lane (6). In other
words, the hot lane should be placed 5 to 8 mm higher than the cold lane if the layer were
50mm in thickness. Therefore, it isimportant for the edge of the screed or extension to
follow the joint exactly to prevent excessive overlap.

55  Compaction

SMA mixes are compacted in a manner similar to dense-graded mixes. However,
close attention should be paid to mix temperature. Experience has shown that operating
two breakdown rollersin vibratory mode works well for SMA mixes. Only conventional
steel wheel rollers are used to compact OGFC, while vibratory and static rollers can be
used for compaction of SMA. No pneumatic tirerolling is required on either SMA or
OGFC.
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5.5.1 Roalling

No minimum density is required for OGFC. Compaction of OGFC mixture
should be accomplished as quickly as possible after placement. By its very nature,
OGFC becomes difficult to compact once it beginsto cool. For thisreasonitis
imperative that the rollers be kept immediately behind the paver (6). Generdly, only two
to four passes of the breakdown roller are needed. A finish roller can be used to remove
any roller marks.

Rolldown of OGFC and SMA mixturesis slightly less than one-half that for
conventional mixtures. While conventional HMA mixtures roll down approximately 20-
25 percent of the lift thickness, SMA and OGFC will normally rolldown 10 to 15 percent
of thelift thickness (2, 6)). If the rolling operation gets behind, placement should slow
until the rollers catch up with the paver (2).

It isnormal practice to mix a minimum amount of release agent with the water in
the roller drum to prevent the asphalt binder from sticking to the drum. Excessive
amounts of water should not be used (2).

Pneumatic-tired rollers are not recommended for use on SMA or OGFC (5). The
rubber tires tend to pick up the mortar causing surface defects.

One of the main differences between OGFC and SMA mixturesisthat the goa
for compaction is quite different. With SMA mixtures, compaction is necessary to make
the mixture impermeable so that water does not infiltrate the layer through interconnected
air voids. With the OGFC mixtures, compaction equipment is used only to seat the
mixture in the tack coat to provide a good bond at the interface of layers. Otherwise, the
mixture isintended to be highly permeable in order to transfer water through the layer
onto the shoulder or edge of the pavement. Where air voids during construction are
generally reduced to between 5 to 7 percent for SMA mixtures, OGFC should have above
15 percent air voidsimmediately after construction.
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CHAPTER 6- MIX SELECTION GUIDANCE

This section of the report provides recommended guidance for the selection of
HMA mix type for various traffic and pavement type considerations. For the purposes of
pavement layer characterization, this report will include four categories of HMA layers:
surface courses, binder courses, base courses, and leveling courses. Surface courses
generally contain the highest quality materials within the pavement structure. The
surface course must be smooth, durable, rut resistant, and skid resistant (1). Binder
courses help distribute the traffic loads from the pavement surface to the underlying
layers. Binder courses aso provide a construction platform for the surface course;
therefore, binder courses can have a direct impact on smoothness (1). Base courses are
generaly placed upon the prepared subgrade, aggregate base, stabilized base or asphalt
drainage course. Leveling courses, as the name suggests, is alayer of HMA that is used
to correct small variationsin the road profile either in the transverse or longitudinal
direction.

When a pavement structure is designed, an important set of data required for the
design is the estimated amount of traffic that the pavement will see during the design life.
MDOT currently specifics HMA based upon three anticipated traffic volumes: standard,
medium and high types. These categories are based upon anticipated equivalent single
axle loads (ESALSs) over a 10 year design life. These categories and associated ESAL
levels are provided in Table 4.

Table4: Traffic Categoriesfor Specifying HMA

Category 10 yr. Design ESALs
Standard < 1.0 million
Medium 1.0to 3.0 million
High > 3.0 million

According to the AASHTO design policy for streets and highways, traffic
facilities can be classified for rural areasinto: a) interstate, b) primary, ¢) secondary, and
d) tertiary; and for urban areas into: a) freeway, b) arterial, c) collector, and d) local.
Table 5 shows how these differ in their function.

Table5: Differencesin Traffic Facility Function

Function Urban Rural

Through movement exclusively Freeway Interstate

Through movement primarily, some land Arterial Primary

access

Traff!c movement to above facilities, access to Collector Secondary

abutting property

Access to abutting land and local traffic :
Local Tertiary

movement

Note that urban freeways can be part of the interstate system.



6.1  Determining Appropriate Mix Types (Mix Selection)

According to The National Asphalt Pavement Association (1), the following steps
should normally be followed to determine appropriate mix types:

1. Determine total pavement thickness needed. For new construction this would
include a structural design in accordance with MDOT’s pavement design
methodologies. For rehabilitation, a pavement and structural design
eva uation should be performed.

2. Determine the type of HMA appropriate for the surface course based upon
traffic and cost. Select a thickness and mix type for the surface course.

3. Subtract the thickness of the surface course from the total thickness and
determine what mix or mixes are appropriate for the underlying layers.
4. Continue to subtract binder/base course mix thicknesses from the total

thickness until the mixes and layer thicknesses have been selected for the
required pavement structure.

An important component of selecting the appropriate mix for agiven layer isthe
allowable lift thickness for the various HMA mixesthat are available. Table 6 presents
recommended thicknesses for various mixes along with current MDOT requirements.
Recommended values shown in this table are slightly different than those contained
within current MDOT specifications. Recommended values shown in Table 6 are based
upon research conducted during National Cooperative Highway Research Program
Project 9-27 (8), the current MDOT State Study 193 and experience. It isimportant to
note that in-place density requirements are not applicable for any lift thickness below
MDOT’s current minimum requirements.

Table6: Appropriate Lift Thicknessesfor VariousHMA Types

Recommended MDOT Requirements
Mixture Minimum Maximum Minimum Maximum

25mm 3 4 3 4
19mm 2% 3% 2 3
12.5mm 1% 3 1% 2

9.5mm 1 2 1 1Y%
4.75mm ZS 1Y ) Y4
SMA, 19mm 3 4 2% 3
SMA, 12.5mm 2 3 1% 2

SMA, 9.5mm 1Y% 2% 1% 1%

OGFC, 125 1 1% 1 1Y%
OGFC, 95 Ya 1% Ya 1

Discussion on the recommended guidance is provided for the three pavement
layer types discussed above: surface course, binder course, and base course. Figure 15
illustrates the relative appropriateness of the various mix types to be placed as surface
courses based upon the traffic category. Dense-graded HMA is applicable for all three
traffic categories. SMA mixes have applicability in both the medium type and high type



traffic categories. SMA should be considered for al pavements that will experience 20
percent or more trucks and interstate pavements. SMA can aso be considered for
troublesome intersections on state highways (medium type traffic). OGFCs have
applicability within the medium type and high type categories. OGFCs should be
considered on al limited access highways with posted speed limits above 45 mph.
OGFCs should only be considered on medium type pavement surfaces that have a history
of wet weather accidents. Again, posted speed limits should be above 45 mph. For high
type pavements, dense-graded, SMA and OGFC should all be considered as viable
options on the pavement surface.

Standard Type Medium Type High Type

High

Moderate

adA 1 XI jo ssauareldolddy anneay
lakeT aoeling

Low

(o1 q%

Dense SMA OGFC Dense SMA OGFC Dense SMA
Graded Graded Graded

Figure 15: Relative Appropriateness of Mix Type - Surface Cour ses

Figure 16 illustrates the rel ative appropriateness of the HMA types as a binder
course. Dense-graded mixes are applicable in al traffic categories. SMA would be
appropriate on pavements that experience very high truck traffic or as an upper binder
layer under an OGFC layer.
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Figure 16: Relative Appropriateness of Mix Type - Binder Courses

Figure 17 illustrates the rel ative appropriateness of the three mix types as a base
course. Thisfigure shows that only dense-graded mixes are applicable for base course
layers.
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Figure 17: Relative Appropriateness of Mix Type - Base Cour ses
Tables 7 through 16 provide specific recommendations for selection of for mix

typesin Mississippi. These tables are based upon the pavement layer being considered
and the traffic category of the pavement.
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Table 7:Mix Selection Recommendations for Standard Type-Surface Cour ses

Pavement Layer: Surface Course
Traffic Category: Standard Type

Characteristic Recommendation
Applicable Mix Type(s) Dense-graded HMA designed using ST design compactive effort
Nomina Maximum Aggregate Size (Gradation Size) 4.75mm, 9.5mm, 12.5mm
Asphalt Binder Type PG 67-22
Aggregate Types Crushed Gravel, Crushed Stone, Limited Uncrushed Gravels, Coarse Sand
and Manufactured Sand
Applicable Pavements Urban Local, Urban Collector, Rural-Tertiary, Rura-Secondary
Comments:
1. These mixesareideal for most city streets, low volume state routes, low volume county highways and parking lots. If the

percent trucks are greater than 5 percent consider going to Medium Type HMA.

2. |If available, fine-graded mixes would be preferabl e as these mix types are generally more durable.
3.

4.75mm mixes should be considered for overlay projects on structurally sound pavements.
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Table 8: Mix Selection Recommendationsfor Medium Type-Surface Cour ses

Pavement Layer: Surface Course
Traffic Category: Medium Type

Characteristic Recommendation

Dense-graded HMA designed using MT design compactive effort.

Applicable Mix Type(s) SMA

OGFC

Nominal Maximum Aggregate Size (Gradation Size) 4.75mm, 9.5mm, 12.5mm
Asphalt Binder Type PG 67-22 and PG 76-22
Aggregate Types Crushed Gravel, Crushed Stone, Coarse Sand and Manufactured Sand

Applicable Pavements Urban Collector, Urban-Arterial, Rural-Primary

Comments:

1

a &

The vast mgjority of these mixeswill be dense-graded. SMA should be considered at troublesome intersections. OGFC should
only be considered on pavement surfaces that have a history of wet weather accidents. OGFCs greatly improve wet weather
frictional properties.

Polymer-modified binders (PG 76-22) can also be used at troublesome intersections and may be needed on some roadways that
will experience truck volumes over 10 percent.

The MT dense-graded mixes are appropriate for state highways that only experience a moderate amount of truck traffic. These
mixes are a so applicable in some urban settings where moderate truck traffic is anticipated.

MT mixes should only be considered for parking lots within truck lanes.

4.75mm mixes should only be used as overlays on structurally sound pavements.
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Table9: Mix Selection Recommendations for High Type-Surface Cour ses

Pavement Layer: Surface Course
Traffic Category: High Type

Characteristic Recommendation
Dense-graded HMA designed using HT design compactive effort.
Applicable Mix Type(s) SMA
OGFC
Nominal Maximum Aggregate Size (Gradation Size) 9.5mm, 12.5mm
Asphalt Binder Type PG 67-22, PG 76-22 and PG 82-22
Crushed Gravel, Crushed Stone, Limited Coarse Sand and Manufactured
Aqggregate Types Sand
Applicable Pavements Urban-Freeway, Rural-Interstate, Urban-Arterial, Rural-Primary
Comments:
1. High-type surface courses should be used on pavements that will experience high truck volumes.
2. SMA should be considered on all interstates that have very high truck volumes
3. OGFC should be considered for al limited access, high speed, roadways with posted speed limits greater than 45 mph.
4. 9.5 and 12.5mm mixes are ideal for inlays or overlays less than 2 inchesin thickness.
5. PG 82-22 asphalt binders should only be used at troublesome intersections with very high truck traffic or near large industria

sites with significant truck traffic.
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Table 10: Mix Selection Recommendationsfor Standard Type-Binder Cour ses

Pavement Layer: Binder Course
Traffic Category: Standard Type

Characteristic Recommendation

Applicable Mix Type(s) Dense-graded HMA designed using ST design compactive effort.
Nomina Maximum Aggregate Size (Gradation Size) 12.5mm and 19.0mm

Asphalt Binder Type PG 67-22

Acareqate TVDes Crushed Gravel, Crushed Stone, Limited Uncrushed Gravel, Coarse Sand

9greg yp and Manufactured Sand

Applicable Pavements Urban-Local, Urban-Collector, Rural-Tertiary, Rural-Secondary

Comments:

1. These mixesareideal for most city streets, low volume state routes, low volume county highways and parking lots.
2. Thesemixes are adso ideal asthelowest HMA layer in full-depth asphalt pavements constructed for low volume city streets and

parking lots.
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Table 11: Mix Selection Recommendations for Medium Type-Binder Course

Pavement Layer: Binder Course
Traffic Category: Medium Type

Characteristic Recommendation
Applicable Mix Type(s) Dense-graded HMA designed using MT design compactive effort.
Nominal Maximum Aggregate Size (Gradation Size) 12.5mm, 19.0mm
Asphalt Binder Type PG 67-22
Aggregate Types Crushed Gravel, Crushed Stone, Coarse Sand and Manufactured Sand
Applicable Pavements Urban-Collector, Urban-Arterial, Rura-Primary

Comments:

1. These mixes are appropriate for state highways that only experience a moderate amount of trucks. These mixes may also be
appropriate in some urban settings where moderate truck traffic is anticipated.

43



Table12: Mix Selection Recommendationsfor High Type-Binder Cour ses

Pavement Layer: Binder Course
Traffic Category: High Type

Characteristic Recommendation
Dense-graded HMA designed using HT design compactive effort.
Applicable Mix Type(s) Dense-graded HMA designed using MT design compactive effort.
SMA
Nominal Maximum Aggregate Size (Gradation Size) 12.5mm, 19.0mm
Asphalt Binder Type PG 67-22 and PG 76-22
Crushed Gravel, Crushed Stone, Limited Coarse Sand and Manufactured
Aggregate Types Sand
Applicable Pavements Urban-Freeway, Rural-Interstate, Urban-Arterial, Rural-Primary
Comments:
1. For interstate type pavements with very high truck volumes, SMA can be used as the upper binder layer. A number of agencies

2.

3.

utilize SMA upper binder layers overlain with an OGFC to provide a rut-resistant and safe wearing surface.

On very high truck volume roadways, a polymer-modified asphalt binder (PG 76-22) should be used in binder layers located
within 4 inches of the pavement surface.

For binder layers 4 inches or more below the pavement surface on roadways with moderate truck volumes, an MT mix can be
used.




Table 13: Mix Selection Recommendationsfor Standard Type-Base Cour ses

Pavement Layer: Base Course
Traffic Category: Standard Type

Characteristic Recommendation

Applicable Mix Type(s) Dense-graded HMA designed using ST design compactive effort.
Nominal Maximum Aggregate Size (Gradation Size) 12.5mm,19.0mm, 25.0mm

Asphalt Binder Type PG 67-22

Acaregate TVDes Crushed Gravel, Crushed Stone, Uncrushed Gravel, Coarse Sand and

99reg yp M anufactured Sand

Applicable Pavements Urban-Local, Urban-Collector, Rural-Tertiary, Rural-Secondary

Comments:

1. These mixes areideal for most city streets, low volume state routes, low volume county highways and parking lots.
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Table 14: Mix Selection Recommendationsfor Medium Type-Base Cour ses

Pavement Layer: Base Course
Traffic Category: Medium Type

Characteristic Recommendation

. . Dense-graded HMA designed using M T design compactive effort.
Applicable Mix Type(s) Dense-graded HMA designed using ST design compactive effort.

Nominal Maximum Aggregate Size (Gradation Size) 12.5mm, 19.0mm

Asphalt Binder Type PG 67-22
Crushed Gravel, Crushed Stone, Uncrushed Gravel Coarse Sand and
Aggregate Types M anufactured Sand
Applicable Pavements Urban-Collector, Urban-Arterial, Rura-Primary
Comments:

1. ST mixes can be used as base courses under roadways that do not experience relatively high truck traffic or is the intended

layer is more than 4 inches below the pavement surface.
2. For new construction of full depth asphalt pavements that involve four or more lifts, the base mix should be a ST mix.
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Table 15 Mix Selection Recommendationsfor High Type-Base Cour ses

Pavement Layer: Base Course
Traffic Category: High Type

Characteristic Recommendation
Dense-graded HMA designed using ST design compactive effort.
Applicable Mix Type(s) Dense-graded HMA designed using MT design compactive effort.

Dense-graded HMA designed using HT design compactive effort.
Nominal Maximum Aggregate Size (Gradation Size) 12.5mm, 19.0mm

Asphalt Binder Type PG 67-22

Aggregate Types Crushed Gravel, Crushed Stone, Coarse Sand and Manufactured Sand

Applicable Pavements Urban-Freeway, Rura-Interstate, Urban-Arterial, Rural-Primary
Comments:

1. HT mixes should be used on all roadways with very high traffic.
2. MT mixes can be used deeper than 4 inches below the pavement surface on roadways with moderate truck traffic.
3. For new construction of full depth asphalt pavements that involve four or more lifts, the base mix should be a ST mix.
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Table16: Mix Selection Recommendationsfor Leveling Courses

Pavement Layer: Leveling Course
Traffic Category: Standard, Medium and High Types

Characteristic Recommendation
Dense-graded HMA designed using ST design compactive effort.
Applicable Mix Type(s) Dense-graded HMA designed using MT design compactive effort.

Dense-graded HMA designed using HT design compactive effort.
Nominal Maximum Aggregate Size (Gradation Size) 4.75mm, 9.5mm, 12.5mm

Asphalt Binder Type PG 67-22 and PG 76-22
Crushed Gravel, Crushed Stone, Uncrushed Gravel Coarse Sand and
Aggregate Types M anufactured Sand
Applicable Pavements All
Comments:

1. Theleveling course should be selected based upon the traffic category.

2. Smaller nominal maximum aggregate size mixes are better for leveling courses.

3. Polymer modified asphalt binders (PG 76-22) may be required for some HT type projects which will experience very high truck
traffic.
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CHAPTER 7- CONCLUSIONS

The objective of this report was to provide guidance for HMA mix selectionin
Mississippi. No specific laboratory or field research was conducted in order to develop
the guidance contained herein; rather the experiences of the authors were utilized.

MDOT pavement designers are encouraged to consider the guidance provided in Tables 7
through 16 when selecting appropriate HMA types for different applications.
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